Introduction and background
At a symposium on safety in endoscopy held at the 1986 autumn meeting of the British Society of Gastroenterology in Cardiff, concern was expressed regarding the risk of patient to patient transfer of human immune deficiency virus (HIV) infection during routine gastrointestinal (GI) flexible endoscopy lists, particularly from the unidentified carrier. As a result a Working Party was set up to examine ways in which the recommendations of the Endoscopy Committee of the British Society of Gastroenterology (BSG) published in Gut 1983' should be amended to prevent patient to patient, and patient to staff transmission of HIV, hepatitis B virus (HBV) and other pathogens. The 1983 report was published before immersible flexible endoscopic equipment was available and at a time when risks of HIV infection were not appreciated.
The following Working Party report was accepted by the Endoscopy -Committee and Council of the BSG in 1987. Because rigid endoscopic equipment (procto-sigmoidoscopy, laparoscopy) is routinely sterilised this report is limited to the use of flexible GI endoscopes.
Five main areas require attention: 1 Is a two tier system of disinfection, as outlined in the 1983 document, still appropriate? This document suggested a short between case disinfection for all cases, and an upgrading of those procedures in the case of 'identified' individuals infected with HIV, HBV or other communicable pathogens. 2 A recommended minimum disinfection time is required, based on current in vivo and in vitro data and avoiding excessive margins 'for safety'", which would make routine implementation impractical for gastrointestinal endoscopy. 3 Recommendations on cleaning and disinfection of ancillary equipment and the precautions to be taken by endoscopic staff need to be reexamined. 4 Clear guidelines are required concerning the nature and use of disin-fectants. The problem of glutaraldehyde sensitivity was understated in the 1983 document. Recommendations are needed to prevent sensitisation of new staff and an effective second line disinfection procedure is required to protect staff already sensitised to glutaraldehyde. 5 Precautions have to be taken to prevent the transmission of HIV, HBV, and other organisms to staff. 6 Gastrointestinal endoscopy staff require education and training in the cleaning and disinfection of instruments and safety within the endoscopy unit, so that recommendations can be generally implemented. X Two tier system of cleaning and disinfection v an upgrading of routine procedures Human immune deficiency virus infection is well established in the UK, with a seropositivity rate of 25-30% in homosexual men attending London sexually transmitted diseases (STD) clinics, 4-1 1% in those in the provinces, 4-50% of intravenous drug users in different cities and an increasing number of heterosexual cases being identified.`' It has been estimated that up to 340o of those infected may progress to full AIDS in three years.6 At a given time most chronically infected individuals will be asymptomatic. Although in vitro experiments examining the action of common disinfectants on the titre of viral proteins and HBV-DNA polymerase enzyme activity have been described,'`their relevance to the clinical situation is uncertain. For example, the HBV-DNA polymerase assay requires pretreatment of virus particles with a non-ionic detergent to disrupt the viral coat and expose the enzyme. This step alone may decrease (if not abolish) infectivity, yet data obtained by this method have been used to indicate the effectiveness of disinfectants such as ethanol in the clinical situation. The virucidal activity of common disinfectants in vivo is largely mediated by their action on the envelope or coat of the virus rather than inactivation of an enzyme in the core of the virus particle.
The lack of data in the case of HBV has led experts to over compensate by recommending high level disinfection and even sterilisation, fostering the concept of a 'super virus' in terms of its resistance to disinfectants.'7 The available in vivo data do not support this concept (Table 1) . Hepatitis B virus in dried human plasma (10" chimpanzee infectious doses/mI) has been exposed for 10 minutes at 20(C to isopropyl alcohol (70%), alkaline glutaraldehyde (Cidex) 2%, and a 1: 16 dilution of Sporicidin. With alcohol and Cidex, no HBsAg was detected in the plasma pool after treatment, but with Sporicidin there was some remaining HBsAg reactivity by RIA (but only four sample ratio units).'7 None of the treated plasma pools, however, infected chimpanzees (one per disinfectant). The same inoculum treated with saline infected both the control animals inoculated.
In similar experiments, using a highly infective pooled human plasma containing 10" chimpanzee infectious doses/mI, 1% and 0( 1% aqueous At endoscopy the risk of HIV infection is likely to be greatest if contaminated equipment is brought into contact with breaks in the epithelial lining of the gastrointestinal tract. The pharynx may be damaged by the tip of the endoscope on insertion; bleeding may occur at the gastrooesophageal junction from retching, and the anus or colorectum may be traumatised by enema preparation, or the insertion of endoscopic equipment. Particular risks may occur if biopsies are taken with forceps either inadequately disinfected, or passed through contaminated biopsy channels. For similar reasons there may be risks with therapeutic procedures such as polypectomy, sphincterotomy, stricture dilatation, and especially injection of oesophageal varices and vascular anomalies. Bearing these particular problems in mind, special attention should be paid to thorough cleaning and disinfection of the instrument tip, the shaft, the suction/biopsy channel and biopsy valve Interim recormmendations ofa Working Party of the BSG mechanism, as well as of the ancillary equipment which is passed through the biopsy channel. As indicated above, the Working Party believes that the risk of transmission of HIV virus is small, provided that appropriate care is taken with cleaning and disinfection. It is difficult to make specific recommendations which are applicable in all circumstances. This report offers general advice and important principles in connection with cleaning and disinfection, together with some explanation of the principles on which it is based.
Cleaning and disinfection of GI endoscopic equipment is a specialised procedure and should be carried out only by staff who have been properly trained. Where emergency GI endoscopy services are provided fully trained assistants should be available on call to assist with the endoscopic examination and the cleaning and disinfection of the equipment used.
The Working Party reaffirms that all endoscopic equipment should be thoroughly mechanically cleaned with detergent and be disinfected before the endoscopy list begins, between each patient examined, and at the end of the list. The most important procedure is the mechanical cleaning of the endoscope to remove all blood, secretions and organic material, as the presence of these will prevent adequate penetration of the disinfectant, and the exposure time required may be many times that recommended for bacterial or viral inactivation. Enzyme cleaning preparations may be useful as an adjunct in removing organic matter. Every patient should be safeguarded by consistently high standards, because infected individuals cannot be readily identified. Prolonged periods of disinfection (at least 20 minutes) are recommended at the end of the list to reduce the risk of bacterial growth during storage and also at the beginning of lists, to remove such organisms as may have grown.
Full mechanical cleaning of the endoscope with fresh detergent before each case is the most important part of the disinfection process and should be carried out with great care. Endoscope channels (especially the air channel) must be washed free of any refluxed mucous or proteinaceous material before disinfection, otherwise solid plugs may result in blockages. Brushes and other cleaning equipment used must themselves be disinfected or sterilised before each use.
After removal from the patient the endoscope should be taken straight to the sink for washing in fresh detergent solution. It should not be placed on any other working surface.
The following recommendations all imply that cleaning/disinfection procedures will take longer than previously (10-15 minutes) and will require alternation of endoscopes during a busy list.
Three techniques are described below: the first makes full use of the immersibility of the newer equipment and will be facilitated by the use of automatic washing machines. The second is recommended for those units still using non-immersible equipment and may be used until immersible equipment is obtained. The third technique is also considered by the Working Party to be microbiologically less than ideal. It The shaft and tip of the instrument are washed in detergent, as described for immersible equipment, but the handle of the instrument and umbilical cord remains attached to the light source and must not be immersed. Detergent is sucked up the suction channel by depressing the suction valve, and squirted through the water channel from a water bottle by depressing the air/water valve. The air channel is checked to see that it is working effectively. After repeatedly passing the cleaning brush through the suction/ biopsy channel and out of the tip of the instrument until clean (as for immersible instruments), a suction attachment is fitted to the biopsy valve housing and detergent is sucked through the suction/biopsy channel and biopsy valve housing by depressing the suction valve, while the tip of the instrument and suction attachment are submerged.
Disinfectant is then introduced into the water channel from a water bottle and the shaft of the instrument is immersed in disinfectant which is sucked into the suction/biopsy channel and biopsy valve housing. The endoscope is left to soak for four minutes. After thoroughly rinsing the disinfectant from the instrument and accessible channels the valves are removed. The handle of the instrument and any segment of the shaft not previously immersed in disinfectant are swabbed with 70% ethyl alcohol. All valve housings are cleaned with plastic handled cotton buds moistened with 70% ethyl alcohol and fresh valves and distal hood are fitted.
SECOND-LINE DISINFECTION METHOD FOR ALDEHYDE SENSITISED STAFF
An alternative method is detailed below for immersible instruments The Working Party feels it is microbiologically less ideal. Total immersion of equipment in aldehyde disinfectants leads to a risk of splashing and high vapour levels. If a closed disinfection system -for example, an automatic washing machine -is not available, total immerson may be undesirable. With this technique the instrument is not fully immersed, the control body is swabbed only with 70% ethyl alcohol and there may be a greater tendency to short cuts. In addition, the procedure is, in parts, instrument specific. The Working Party considers this technique to be microbiologically less than ideal but it may be used if a closed system is not available but only until additional equipment can be obtained. In addition some units may be forced for reasons of aldehyde sensitivity to use a second line double disinfection system which includes alcohol as described earlier.
The endoscope left connected to the light source and suction, is washed in a large sink containing warm detergent solution. Detergent is sucked up the suction channel by depressing the suction valve, and squirted through the air and water channels from a water bottle by depressing the special AW channel cleaning adaptor (available with some instruments). The cleaning brush is repeatedly passed through the suction/biopsy channel and out of the tip of the instrument, until clean (cleaning the brush with each passage). A suction attachment is then fitted to the biopsy valve housing and detergent solution sucked through the suction/biopsy channel and biopsy valve housing, by depressing the suction valve, while the tip of the instrument and suction attachment are submerged. Those instruments with extra channels are flushed with detergent solution using the adaptors provided.
Disinfectant is then introduced into air and water channels from a water bottle and the shaft of the instrument is immersed in disinfectant which is sucked into the suction/biopsy channel and biopsy valve housing. The endoscope is left for the requisite length of time. After thoroughly rinsing the disinfectant from the instrument and its channels the valves are removed. The handle of the instrument and any segment of the shaft not previously immersed in disinfectant are swabbed with ethyl alcohol (70%). All valves are removed and valve housings cleaned with plastic handled cotton buds moistened with ethyl alcohol and fresh valves and distal hood are fitted.
Cleaning and disinfection/sterilisation of endoscopic accessories All ancillary equipment used during endoscopic procedures provides a potential source of transmission of microorganisms. In particular those accessory items which are designed to breach the mucosa of the gastrointestinal tract provide a portal of entry to the systemic circulation for any organisms present. Except where disposable accessories are used it is necessary between patients to clean and disinfect/sterilise accessories (including cleaning brushes and cleaning attachments) using the following procedures: 
Endoscope washing machines
Endoscope washing machines of different designs are available. They do not remove the need for mechanical cleansing of the instrument to remove solid matter, including brushing the suction channels and the instrument tip. They do, however, offer several advantages:
They ensure perfusion of the air channel as well as the water/suction channels of the instrument. Optimal time cycles are automatically followed for washing/disinfection/rinsing, and the natural tendency to take short ctfts during busy endoscopy lists is avoided. Nurses are therefore freed from an important, but tedious and repetitive chore. As there is no effective alternative to aldehyde disinfectants for endoscopic immersion, the use of washing machines that are plumbed in with a 'closed circuit' minimises staff exposure and offers a clear advantage.
Washing machines are also perceived as having disadvantages. They are relatively expensive at about £6-11 000. Against this can be set the advantages detailed above, an expected life of perhaps 10 years and the fact that the cost of a machine is similar to the cost of one endoscope. Endoscope washing machines are complex and need care in use, including appropriate periodic autodisinfecting routines to avoid any possibility of the machine itself becoming a reservoir of bacterial infecton. The eight to 20 minute instrument wash cycle necessitates the use of at least two endoscopes for a busy endoscopy list. The automatic wash cycle times can be adjusted in some machines to a four minute soak time, however, with a full cycle of 10-11 minutes. These times are the same as those for ideal manual cleaning, which suggests this is an argument for adequate numbers of endoscopes rather than a valid criticisim of washing machines. Finally, most washing machines are not mobile and require adequate space for installation and use.
Further experience will be needed on practical aspects of the design and use of washing machines but, given adequate finances for instrumentation (and the setting of equivalent standards of hygiene in endoscopy units to those expected in dentistry, or for minor operative procedures) the use of endoscope washing machines has much to commend it. More recently three women health care workers seroconverted after receiving splashes of infected blood on the skin and in one of these cases the oral mucous membrane.3" Two of the staff were not wearing gloves, in one case the hands were chapped and in the other there was dermatitis of the ear which may have been touched by a contaminated hand. The phlebotomist who received a splash in the face and the mouth, had acne, and also scratched the back of her hand two months later with a needle from an iv drug user of unknown anti-HIV status. The phlebotomist was found to be anti-HIV positive seven months after this. Two additional cases have been reported which involve people providing nursing care to persons with HIV infection, in one case a friend and in another a mother, in which both had extensive contact with blood or body fluids and neither had observed routinely recommended barrier precautions. It is noteworthy that in the needle stick studies many of the injuries were preventable. In the splash injury incidents, routine screening of all patients admitted to hospital would not have prevented the accidents, as two of the three exposures occurred in outpatients and one occurred at a resuscitation in an emergency department.
In comparison with needle stick injuries from HBV infected persons where 6-20% of health care workers have been infected,'`the risk after such an injury from an HIV infected patient is low.
Nevertheless the Working Party recommends that the following precautions should be taken for all patients being endoscoped, based on DHSS guidelines for identified anti-HIV positive patients. Needles should not be resheathed after use in any patient because of the risk of needle stick injury; they should be disposed of in a suitable puncture proof container. Special care must be taken with the handling of sharp instruments such as sclerotherapy needles or spiked biopsy forceps, as gloves provide no protection against inoculation injury. The routine use of spiked forceps is considered unnecessary and hazardous. Health care workers should always observe routine barrier precautions when in contact with blood or body fluids from any patient. Disposable liners for suction bottles are a convenient and safe method of handling endoscopic suction waste, the filled and sealed bags being sent for incineration. Open cuts, fresh abrasions, and other skin lesions, in patients and staff, should be covered with waterproof or other suitable dressings. Endoscopy staff should wear a disposable outer garment to avoid splashes on clothing, and disposable gloves and eye wash bottles should be available; goggles or glasses should be worn if eye splashes with blood are likely.
Management of the HIV infected patient Whilst in principle the Working Party recommends an upgrading of routine practice rather than a two tier system of cleaning, disinfection, and safety precautions, it appreciates that problems will remain with the identified case of AIDS or HIV infection. The symptomatic patient with HIV infection (Stage IV CDC Classification for HIV infection4) should be managed as an immunosuppressed individual.' This Working Party recommends that gastrointestinal endoscopy in a symptomatic patient with HIV infection should be conducted in the same way as recommended in this document, but that it should be preceded for the protection of the patient by an immersion time of one hour in glutaraldehyde (2%), and that after endoscopy and thorough cleaning recommended in this document, the endoscope should be immersed for a further one hour in glutaraldehyde 2%, to ensure firstly that opportunistic organisms such as atypical mycobacteria are not transmitted from one immunosuppressed patient to another and secondly that M tuberculosis is not transmitted from a symptomatic patient with HIV infection to an immunocompetent patient. A dedicated endoscope is not required for this group of patients.
To protect an immunosuppressed patient it is usually recommended that the endoscope should be sterilised, that is, immersed in disinfectant for a sufficient time to inactivate bacterial spores before endoscopy (three hours in glutaraldehyde 2%, the use of diluted aldehydes require longer immersion times'3). In the context of gastrointestinal endoscopy, however, most bacterial spores are probably not relevant, apart from spores of Cl difficile, which are rapidly killed by glutaraldehyde 2%. With respect to crossinfection, most of the infectious complications in HIV infection are due to reactivation of latent organisms, or in some cases ubiquitous organisms, which are not pathogenic in the immunocompetent host. Two microorganisms associated with disease in the gut of HIV infected patients and which may not be inactivated by the present recommendations or cleaning and disinfection, are mycobacteria (mycobacterium tuberculosis, but more commonly atypical mycobacteria, which are ubiquitous organisms) and cryptosporidia. Longer disinfection times of up to one hour are recommended for the inactivation of mycobacteria."' 32 There is no information on the activity of common disinfectants against the intermediate forms and cysts of cryptosporidium. The inactivation times required for mycobacteria and the likelihood of their being encountered in routine bronchoscopy will inevitably lead to differences in the recommended routine disinfection times for bronchoscopic and gastrointestinal endoscopy. " Gastrointestinal endoscopy units should now be moving towards totally immersible equipment and more time consuming, but safer cleaning and disinfection procedures. This means that increased funding will be necessary for capital purchases of extra endoscopes and ancillary equipment. Busy units will require two endoscopes per list so that they can be alternated, with a backup instrument available for instrument failure, repair and overhaul. Closed systems (washing machines) for disinfection are recommended, together with better storage facilities. Endoscopy suites will need modification for better ventilation to protect staff from disinfectant sensitivity. There are in addition revenue implications. Greater numbers of properly trained GI assistants are needed for routine lists and available (if necessary as paid on call) for emergency procedures to ensure that the cleaning and disinfection recommendations and safety precautions can be scrupulously followed at endoscopy without taking short cuts. 
